Abstract. Imagine a (web-based or mobile) route planning service that understands and behaves like another person. This conceptual paper addresses the first step towards this vision. It looks at the ways people would like to talk to their route planner in the initial phase of the route communication when specifying the travel route and time. The paper systematically collects service requirements, based on elements from intelligent autonomous agents, and demonstrates that a fundamental change is required compared to how services operate today.
Introduction
This paper studies the common question of a person: "Can you tell me the way to . . . ", which initiates a typical everyday communication on routes, either with other persons, or with dedicated route planning services 1 . Despite of its commonality this question forms quite a challenge for route planning services. Looking at current services' apparently simple interfaces- Figure 1 presents a typical subset of current route planners-it appears that they fail to accept above's question as is, in its context and with all kinds of location references a person may have in mind.
In another paper we have proposed a spatial Turing test for route planning services, postulating that services' behavior should aim to become indistinguishable from human-generated route advice to overcome obstacles in their usage [53] . Going back in that paper to Artificial Intelligence (in particular to [48] ) was motivated by sharing the general interests: On one hand the scientific interest in gaining knowledge of human cognitive processes, and on the other hand the scientific interest in implementing formal models of these processes in machines. It was also motivated by the observation that communication with other people is more successful than with route planning services: -People have a richer spatial language, compared to the rigid syntax, grammar and ontology of route planners. But when talking to a route planning service, the interface requires the wayfinder to adapt to a restricted, rigid language (e.g., postal addresses, see Figure 1 ). -People have more compatible spatial concepts and conceptualizations with each other, compared to the concepts provided by route planners. The concepts behind a route planner's interface are often determined by the service's internal needs, not by wayfinder needs (e.g., stop names of a bus network are difficult be known by wayfinders, see Figure 1 ). -People have superior capabilities to capture a communication context and to adapt information to this context They communicate two-ways. Route planners have implemented this strategy only rudimentary (e.g., when resolving ambiguities by showing lists of alternatives) and cannot adapt.
Thus, route planners need to share some of the visions of Artificial Intelligence. They need to understand and support an autonomous and intelligent agent-the human wayfinder-although they are not autonomous by themselves. This means they should be able to cope with the characteristics and capabilities of an intelligent agent, which Brooks [1] has categorized as situatedness, embodiment and emergence. This paper will study the consequences of this postulate. Winter and Wu [53] have looked at the complete dialog between a wayfinder and a route planner, from addressing the route planner to closing the communication. In contrast, the present paper will go a step further and focus on one element only, the initial phase where the wayfinder talks to the route planner to request a route. To illustrate anthropomorphic behavior in this phase let us consider the case of Mary. When one morning Mary jumps into her shoes to leave her apartment she would like to tell her device: "To uni!", and this device would tell her that she is in time to get the tram. This means the device would have succeeded to capture the context (from here and now, and by public transport is at least an option) and to match the colloquial and ambiguous location uni. Mary could also have asked her housemate sitting at her laptop about the way to the university: "Can you check my way to uni, please?" Well, the tone is different, but this question conveys the same content, and Mary's housemate would have had no problems either to understand her. But Mary, having an intelligent device-in Turing's sense of a device with anthropomorphic behavior-would not need to interrupt her housemate in her work.
This paper aims to develop the requirements of an anthropomorphic behavior for a service in the initial phase of a route communication. The hypothesis is that the requirements lead to a fundamentally different wayfinder interface compared to current route planner interfaces. If this is the case then route planning services cannot evolve into intelligent services; they require a paradigm shift in their internal design. To deal with the hypothesis we will study the three properties of an intelligent wayfinder: situatedness, embodiment and emergence. This will allow us to analyze the requirements of a service capable to understand their users.
To this extent this paper is purely conceptual, backed by research in spatial cognition. An experimental verification of the conceptual model by an implementation is beyond the scope of this paper and left for future work. Also left for future work are the consequences of this conceptual model for the other phases of the communication about routes.
The paper starts with a review of recent work (Section 2) to introduce the spatial Turing test. Then it studies the structure and tasks of the communication with a route planning service, in particular to identify the initial phase in which the wayfinder talks to the route planner (Section 3). Finally it embarks on the requirements analysis (Section 4) based on the desired characteristics identified in the previous section. The list of requirements is then discussed for the complexity of the challenge they pose (Section 5). This discussion shows strong evidence for the hypothesis. At the end the paper develops future research questions based on the requirements (Section 6).
Background
The Turing test of whether machines can think is an imitation game: a computer has to convince players that they are communicating with a person [48] . By this way Turing avoids to define thinking or intelligence; in Turing's sense a machine is intelligent if it shows anthropomorphic communication qualities.
We know that people reason on a hierarchical mental representation of space [17] , which for instance leads to efficient communication about place [46] . We also know that a person's landmark-based, multi-granular route description is cognitively more efficient than a geometric route description as produced by current route planners. Human spatial representations are rather qualitative than geometric, and human communication of route directions nearly never refers to geometry in a metric manner [7, 45] because people have difficulties to realize the metrics. Cognitive efficiency can be shown for example by navigational performance [5] . Research demonstrates that cognitively ergonomic route directions (for example, as given by persons) have some redundancy [32] , have varying, if not asymmetric granularity [21, 46, 36] , relate to the perceptual experience of the environment [6] , and refer to a selected range of features depending on the traveling mode [24, 2] . Current route planners cannot yet imitate persons in these ways. Accordingly, one aim of current research is generating landmark-based route descriptions automatically [31, 33, 12, 15, 46] , which is surprisingly complex to realize in implementations.
Human route communication is yet superior to current services' route communication with respect to the cognitive effort of understanding, memorizing and realizing spatial descriptions in orientation and wayfinding. Hence, the spatial Turing test sets the bar for route planning services. Human communication has qualities challenging computers, such as adapting to the communication situation, or talking about places. The communication between a person and a route planner is further challenged because of the different fabric of internal spatial representations and reasoning in persons' minds [10, 44] and in machines [39] . With different spatial concepts being involved, ontological mismatches will be expected in the communication of routes.
However, Turing held a philosophical interest on the nature of artificial intelligence. His test does not facilitate a real measure of intelligence of programs, nor does it provide an objective way of testing. For example, when comparing two spatial descriptions it is sometimes hard to say which one is more anthropomorphic. In this sense, we will be able to identify gaps leading to failure of the spatial Turing test, and based on these gaps develop requirements of a conceptual model of a route planner overcoming these gaps. But we will not be able to measure the quality of the communication with a route planner. This means, following Popper's research paradigm [30] the goal for this paper is to refute that machines cannot think spatially (by closing the gaps), but not to prove that machines can think spatially (i.e., prove that all gaps are closed).
Talking to a route planner
The communication between a wayfinder and a route planning service has the same structure of route communication between two persons. It consists of three phases: the initial phase where the wayfinder asks an informant for directions, the center phase where the informant provides route directions, and the closing phase of confirmations and separation [20, 54] . Nearly all research in this area focuses on the center phase [19, 6, 34] .
In this paper the focus is on the initial phase in which the wayfinder has the lead role and talks to the route planner. According to Klein [20, p. 168] , the initial phase consists of three subtasks for the wayfinder:
-getting into contact with the informant; -making clear what he wants; -succeeding in getting the informant to take over the task of giving him route directions.
Orthogonally to the temporal sequence of tasks, Klein as well as Wunderlich and Reinelt [54, p. 183] identify three subtasks present at each stage of direction giving. These subtasks are a cognitive task (e.g., activating a spatial cognitive representation); an interactional task (e.g., initiating and terminating the verbal exchange, or providing a route description); and a linguistic task (e.g., expressing a comprehensible route description). The initial phase was studied neither by Klein nor by Wunderlich and Reinelt in particular, and also other linguistic, cognitive and engineering research focuses rather on human or automatically generated route directions as a whole. However, it is possible to identify in the initial phase already: -A cognitive task. The wayfinder has to find a proper specification for his route request, which means a specification that is sufficient for the informant in the given communication context. The informant has to activate a spatial cognitive representation and to identify the specification of the wayfinder in this representation. -An interactional task. The wayfinder has to manage the three subtasks of the initial phase identified above. The informant has to pay attention, listen, and respond by confirming that the specification of a route was received and sufficient. -A linguistic task. Wayfinder and informant interact via sign systems (a language), and all three subtasks of the initial phase have to be expressed in a sign system and understood by the recipient. The wayfinder has to contact the informant via language, express the request in a language, and be ensured via language that the informant took over.
In this paper the focus is on the interactions between the cognitive and the interactional task, which in the context of a machine as informant includes not only the cognitive abilities of the wayfinder, but also the internal data models and algorithms of the route planner. This means, the focus is on identifying and modeling the references that have to be conveyed and understood, and not on their actual representation in a specific sign system. Technically, the three subtasks of the initial phase are dependent on the architecture and interface of the route planners. An example can be given for the three web-based route planners of Figure 1 . The communication with a web-based planner is realized via the HTTP protocol. Getting into contact is realized by typing a uniform resource identifier in a web browser's address field, or alternatively by following hyperlinks to the route planners' home page (realizing an HTTP get request). Making clear what the wayfinder wants is dictated by the route planners' interface ( Figure 1 ). Succeeding in getting the route planner to take over is realized by pressing a submit button (realizing another HTTP get request, parameterized by form data), and can prolong if there are ambiguities in the request to be resolved.
As outlined in Section 1 a machine, to pass the spatial Turing test, has to understand a wayfinder's request as another person would do. It was also argued above that a machine needs to have properties of an intelligent agent to do so. Hence, a route planner needs to be able to cope with situatedness, embodiment and emergence [1] as experienced by the wayfinder:
-Situatedness: the route planner should be aware of the context of the communication situation. This concerns in particular the location of the wayfinder and the time of the request.
-Embodiment: the route planner should be aware of the human intuitions underlying their ability to move and their common-sense or naïve understanding of the world [10] . This concerns in particular relative, qualitative and egocentric spatial expressions. -Emergence: the route planner should be aware of the coherent cognitive structures of the wayfinder evolved during the process of learning spatial environments. This concerns their procedural and declarative spatial knowledge, in particular the hierarchic organization of spatial cognitive representations.
The three elements will be used to structure the requirements analysis in the next section. To be precise, Brooks lists a fourth property of an intelligent agent, intelligence.
In the present paper intelligence is seen emerging from the other three elements, applying here Turing's sense to the word, with no further need of a different definition and special requirements.
Requirements analysis
What are the requirements of a route planner to pass the spatial Turing test with its initial communication phase? When Egenhofer identified database requirements for vehicle navigation in geographic space [9] he identified properties of data and operations wayfinders will want to perform. This wayfinder-centered approach will be continued here. This approach does not start from existing database properties or constraints, but from the behavior of wayfinders when making clear what they want, i.e., specifying a route request.
Situatedness
Each communication takes place in a situation, which forms the context of the communication. The context provides the multiple perspectives needed for understanding the discourse. While people are good at capturing the context, for machines such as route planning services this is a challenge. This section develops a conceptual model of the context of route communication.
According to a classification by Janelle [18] , spatial constraints of a communication situation are either physical co-presence or telepresence, while temporal constraints are either synchronous or asynchronous communication. The cases are discussed in Table 1 . synchronous asynchronous physical co-presence e.g., face-to-face, or from mobile location-aware device e.g., from you-are-here maps, or departure plans at bus stops telepresence e.g., via telephone or from web service e.g., departure plan from a web page Interestingly, in the context of seeking route advice this categorization is insufficient. To capture the full spatiotemporal communication context one needs also to consider the spatiotemporal constraints of the activity the communication is about: wayfinding. One of the two spatial constraints of this activity-the point of departurecan be the current location of the wayfinder (from here), but the communication can also concern a future activity with any other point of departure (from elsewhere). The other spatial constraint of the activity, the desired destination, is independent from any communication context, hence, needs to be specified in any case, and is excluded here from consideration. The temporal constraint of the activity-the time of departure-can be the actual time of the communication (now), but it can also be for any departure in the future (at a later time). These constraints are not completely orthogonal; if a request is for now it is necessarily for here (but not vice versa). Also, sometimes it is not the time of departure but the time of arrival that shall be specified. This case is equivalent to any departure in the future since it is not specific about the time of departure. Together these dimensions span a four-dimensional space (compared to the two-dimensional space of Table 1 -<physical co-presence, synchronous, from here, now>:
• A person asking a passer-by: "Can you tell me the way to the city hall?"
• A person studying a bus stop's real-time arrival and departure display.
• A tourist using a mobile location-aware device as a guide for a city tour. -<physical co-presence, asynchronous, from here, at a later time>:
• A car driver is following the signs to the airport.
• A traveler studying a train station's departure plan.
It is left open whether all 16 possible combinations of context parameters have a reflection in communication scenarios; the observation of a correlation between now and here runs counter such an expectation. The latter case indicates already that the perceived or assumed context is not necessarily identical for the wayfinder and a service. Some specific context mismatches are for example:
-A public transport user arriving at a tram stop is searching for the next tram going to city (<physical co-presence, synchronous, from here, now>) and finds a plan of departure times (<physical co-presence, asynchronous, from here, at a later time>). -A public transport user, just before leaving home, is turning to his desktop for advice on a trip across the city (<telepresence, synchronous, from here, now>) and finds a service interface asking for a departure location and time (<. . . , from elsewhere, at a later time>).
A clear condition for a service to pass the spatial Turing test is to be able to adapt to the context of the wayfinder to an extent any person being asked for route advice would do (see the example above, or [20, 54, 14] ). Thus, the first postulated requirements are:
1. A service should be accessible anywhere, anytime [49] . When a wayfinding problem arises persons can not solve on their own, they will ask other persons around for advice. A mobile device or a terminal has the same affordance. While the wayfinder does not care whether a service is running locally (physical co-presence) or centrally (telepresence), the wayfinder needs local access, and in case of centralized service architectures this means ubiquitous connectivity. Route planning services take various inputs, including origin, destination and time of travel, to produce first a route and then a route description. This input needs to be understood by the service such that it can derive a complete parametrization for the optimal route algorithm. But this input should also have anthropomorphic properties to pass a spatial Turing test, i.e., it should allow wayfinders to communicate in their terms. And it is the services's obligation to do the transfer.
The third requirement has consequences for embodiment and emergence, and hence, the discussion re-appears in the following Sections 4.2 and 4.3.
Embodiment
Embodiment in this context postulates a route planner to consider that the wayfinder is a subject having and using a body for movement, and these sensorimotor skills and experiences shape the person's spatial and temporal cognitive concepts. In the center of the initial phase of communication is the specification of a change of place by the wayfinder. The route planning service, to pass a spatial Turing test, should allow wayfinders to communicate their specification in their spatial and temporal terms. Besides of considering the situation (Section 4.1), this means to accept and interpret the spatial and temporal references in the verbal expression of the wayfinder. People answer where questions in a hierarchic manner, either zooming in or zooming out [37, 38, 28, 29] . "San Francisco is in the USA, in California." -"My office is in the Department of Geomatics, which is part of the School of Engineering at the university." -"The newspaper is on the table in the living room." -Place descriptions of this form are a special case of general referring expressions [3] . They are not only hierarchically organized, they are also finite (and even relatively short) despite the infinite possibilities to describe a place. A speaker includes just the references that are sufficient in the given communication context. This context is defined by the location where the communication takes place (here) and the place to be described. In fact, initializing the route communication is one form of answering where questions ("Where are you?", "Where do you want to go?").
If the location of the communication is close to the location to be described, references to more global places are neglected, and references to more detailed places are added: For the speaker different references appear to be relevant in different contexts. Applying relevance theory [51] we can already determine automatically which references are relevant, based on the distance of references in a hierarchical conceptualization of the environment [26, 27, 4, 46] . Current route planners do not. First, they have a prescriptive and static interface. Secondly, if toponym resolution leads into ambiguities (Melbourne in Australia or in Florida, USA?) some planners always insist that the wayfinder resolves the ambiguity, while other ones at least interpret the destination location in the context of the given start location (if the first address is in Melbourne, Australia, the second address is assumed by default to be in Melbourne, Australia, even if the same street name exist in Melbourne, Florida). What has been discussed for space so far extends to time in the same manner. Temporal references have a granularity ("tomorrow", "tomorrow afternoon", "tomorrow at 2pm", "tomorrow at 2:18pm"), and which granularity is relevant is determined by the communication context. Furthermore, place descriptions come with spatial prepositions denoting spatial relations between subject and object (see the examples above). Understanding spatial prepositions is a challenge for natural language understanding [42] , and current web services-route planners as well as local search-interpret only the most basic spatial relationship: in, ignoring all others (except a couple of services interpreting the binary relationship corner). Understanding is impeded by the context dependency and vagueness of qualitative relationships such as near [8] .
The second set of requirements, extracted from this discussion, is therefore:
4. A service should always be aware of the current location of the wayfinder, enabling the service for accepting deictic references. 5. A service should apply concepts of relevance to the route specification. 6. A service should have access to hierarchic representations of space and time, and be able to navigate in these representations. 7. A service should have capabilities to understand spatial prepositions and relations.
Related to the embodied experience of space and time is the structure of the immediate environment of the wayfinder. However, this aspect is covered by the discussion of emergence in the next section.
Emergence
Emergence in complex systems refers to the way patterns at macroscopic levels arise out of a large number of interactions at microscopic levels. In the current context the relevant complex system is the procedural and declarative knowledge of humans of their environment. It was mentioned already that cognitive spatial representations have a hierarchical order. Accordingly, human reasoning for route planning is hierarchically organized, which has inspired hierarchical route planning strategies [43, 50] . Movement is planned at higher levels first, and then filled with actions at lower levels (down to the subconscious level of body coordination during locomotion). Movement specifications, as they contain the description of the destination, can be hierarchic as well (see Section 4.2).
An aspect not discussed before are the structures and constraints of the environment of the wayfinder at different levels of these hierarchies. Of central interest are the human concepts of here and now, both having vague and context-dependent semantics. Here and now may be references to places and times over some levels of granularity, and at each level place and time may not be crisply defined. The point of departure being here can mean the actual position of the wayfinder, but also generalized concepts of place, or the nearest access to a transportation network. Similarly, the departure now can mean immediate departure but also departure with the next available transportation means, or the one after if its more convenient.
Imagine planning to travel from Melbourne to Tokyo. Current route planners are based on the airline transportation networks 2 . Automatically they identify places such as Melbourne or Tokyo with airports, as airports represent the nodes in these transportation networks. They expect that the wayfinder is able to find the way to the airport in Melbourne on their own, or alternatively chooses another route planner for this part of the travel. The public transport planner for Melbourne 3 might help here. It guides the wayfinder from a nearby tram stop to the airport, using the airport bus. The bus arrives in front of the arrival hall, but the planner tells the wayfinder that from the arrival stop a walk of 230m leads to Melbourne Airport. Whatever the granularity of this metric detail is, this destination is not the wayfinder's check-in counter. Thus, the wayfinder needs another route planner for finding the way through the airport. This time she might choose a display board of departures, or the information booth, or a You-Are-Here map. To find one of these she has to make route planning decisions on her own, based on perceived affordances. -Combining these individual route planning processes to one, one finds a recursively refining specification of the route: "I want to go [from here] to Tokyo." -"Ok, but tell me how to find to the airport." -"And at the airport, where is the check-in counter for the flight to Tokyo?" And so on. These multiple hierarchies in route planning and communication were studied, for example, by Rüetschi and Timpf [36] . Current route planners fail to realize this properly. Now let us assume that the wayfinder has specified in all cases the time of departure as now (or a time in the future). The airline route planner knows only that the wayfinder is in Melbourne. The public transport planner ignores that she is at home at the time of the request (or she ignores to specify in her request that she is currently at home). Only the display board of departures at the tram stop assumes that the wayfinder is within eyespot (strictest physical co-presence). With other words, the notions of here and now have different meanings in different communication contexts (again, this context is determined by the current location in comparison to the destination, which varies here between Tokyo, the airport and the check-in counter).
Thus, the following requirements can be derived from the discussion:
8. A service should capture the spatiotemporal constraints of the route to resolve the vagueness of wayfinder-defined terms here and now. 9. A service should apply means of time geography [25] at all levels of spatial and temporal granularity to deal with the inherent vagueness of here and now. 10. A service should, therefore, acknowledge that all route planning is inherently timedependent. People may give different route directions by day than by night, or at peak hours or non-peak hours. 11. A service should care for integrated route planning on different transportation networks (of different scales and different means of transportation).
In principle, also the spatial and temporal constraints of the communication come with vaguely defined categories. Physical co-presence may extend, for example, to earshot or eyespot, and telepresence as its counterpart has complementary vague meaning. Synchronous communication may accept some delay such as we experienced in the early days of Skype 4 . However, the communication context is not verbally communicated. Thus the task of understanding and mapping human notions is limited to the spatiotemporal constraints of the activity, here and now.
Comparison of the requirements with current route planning services
In this micro-cosmos of a person talking to a route planner at least two ontologies (or epistemologies, to be precise) [40, 13] meet: the human wayfinder's ontology of the environment and the service's internal ontology. Talking to a route planner a wayfinder provides place descriptions, at least for the destination, and potentially a time description. These descriptions have to be mapped by the route planning service to its internal ontology. Essentially this forms a problem of understanding place descriptions. The service's internal ontology is defined by graph theory and network analysis. To determine a route it needs to translate any input to two unambiguous positions on a transportation network, the start s and the destination d . This process of translation may include toponym identification and resolution, georeferencing the toponyms by looking up gazetteers [41] , map matching to draw the georeference to the next point on the transportation network, and dynamic segmentation of the transportation network to include temporarily these two points to the network for a shortest path algorithm. Additionally, for time-dependent shortest path problems one of both times is required: the departure time or the arrival time t . This internal ontology of a service, (s , d , t ), shows in any current route planner interface (e.g., Figure 1 ). These interfaces are static and do not adopt to the situation, except that they may fill the form fields with default values.
In current route planners this translation has restricted functionality. While gazetteers help to resolve toponyms, current gazetteers contain only authoritative geographic placenames [16] . Other databases may add privately collected placenames such as the entries in Yellow Pages, or the stop names of a public transport provider. However, all these resources do not yet contain synonyms, vernacular placenames or common abbreviations of placenames. They also do not contain information about the spatial extent of a place, or of its relationships with other places. Hence, route planners are typically structuring and limiting the input by a wayfinder. Furthermore, most if not all spatial prepositions and relationships cannot be resolved and are ignored.
In comparison the wayfinder ontology is loosely captured by the requirements listed in Section 4. The 11 requirements go beyond the capabilities of current route planners. To prove the hypothesis we have to demonstrate that these requirements demand fundamental changes to the interface as well as the internal functionality of current route planners.
In this respect, not all requirements have the same standing. Some requirements look at fundamental change for some route planners. An example is R10 ("Acknowledge that all route planning is inherently time-dependent"). Typical route planning services for walking, biking or car navigation do not consider time. To match better anthropomorphic behavior they should. But the knowledge to realize these fundamental changes exists, and some services comply already, such as vehicle navigation systems linking with traffic message channel. Thus, requirements of this sort do not prove the hypothesis.
But other requirements stand out. The most challenging ones may be R3, R6 and R7, or understanding the human concepts of here and now, hierarchical place descriptions, and spatial prepositions. All three of them are in conflict with current interfaces as well as with current capacities of language understanding. At least with these three requirements the hypothesis is proven.
Conclusions
This paper studies the initial phase of the communication between a human wayfinder and a route planning service. It starts from requirements derived by a vision of a service of anthropomorphic understanding and behavior. These requirements are fundamentally different from the ontologies currently implemented, and hence, require a new approach to accept and understand wayfinders' expressions about their spatial and temporal travel constraints. In particular we argue that a service needs to be able to understand place descriptions, human concepts of here and now, and the spatial prepositions in natural language expressions.
The approach to derive these requirements was based on the argument that a route planning service deals with an autonomous and mobile physical agent, and hence, has to reflect the elements of this agent: being situated, embodied and capable of dealing with a complex geographic environment. Although this approach is systematic, no claims are made to be complete. The identified requirements will close some gaps on the way to a service that would pass a spatial Turing test.
Some of the remaining open questions concern:
-The construction of cognitively motivated hierarchic structures of spatial representations. To reflect the cognitive representations of people of their environment, these hierarchies should contain synonyms, elements of vernacular geography (where boundaries are often different to authoritative boundaries) and for all elements of a city [23] . Accordingly, toponyms should be represented by their spatial extent, and this requires a capacity to represent and deal with vague concepts. Furthermore, the order in the hierarchy should be determined by cognitively salient characteristics. Some research in this direction has started [47, 52] , but a consistent, comprehensive and integrated model for all elements of a city or any other environment is missing. -Free-form place descriptions consist not only of hierarchically ordered toponyms but also of spatial prepositions that need to be interpreted to fully capture the sense of a place description. While the hierarchy represents part-of relationships, other spatial relationships between geographic features need to be represented as well, implicitly or explicitly. Some of them are already captured in spatial databases, for example on connectivity and topology. But since they are not (yet) available in gazetteers, methods to exploit them for understanding place descriptions are lacking. What is also lacking are models for the interpretation of relations of vague or context-dependent meaning, such as nearness [8] . Going further, Kuhn postulates research in cognitive semantic engineering [22] . The latter establishes models capturing the semantics of spatial concepts, acknowledging that perception (which informs human conceptualization) is situated and embodied, and Gestalt is emerging from complex perceptive and cognitive processes in a complex spatial environment. -Since understanding place descriptions is a special case of natural language understanding, the vertical and horizontal relationships captured before have to be applied for the understanding of human place descriptions. While the preliminary hierarchies are successfully used to automatically generate place descriptions [35, 46] , the reverse process of understanding given place descriptions is not yet investigated. Again, an area where we can profit from current research is the interpretation of sketches in graphical query interfaces to geographic information systems [11] . Although in this particular case the sign system is different from natural 5 language, the subject is the same: communication about place.
Furthermore, within the given context of a route communication we so far expected descriptions of enduring places in geographic space, such that toponyms can be stored in databases. However, more transient cases of place exist as well, and some of them can even have a meaning in route communication. A person may, for example, look for the way to a meeting. And metaphorical places (e.g., heaven) will further be excluded.
